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This ilwentjon relates to polvmers and m0re I?afjcu- 5 
My to enefwtic poi~*rncrs fdr use in propellant and. 
explosiw bin&rs. 

e 

Propellant and explosive binders are generalIs com- 
pclsed of a polymer and 3 phsticircr, both or &her of 
which is encrg~tic. A variety oi cncrgctic plymers IO 
have been evaluated for USC in these binders. Some 
contain relatjve unstable tnergctic groups SKII a nitrate 

w (tllcrmally labile) c1r azido jlipl~t sensirive). Others con- 
tain gem-dinitro or fluorodinitro moieties which are 
more stable but generally difkult to synthesize and I5 
therefore expensive. For these and other reasons the 
search continues for new energetic polymers, 
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4,74U,579, both of which are hetcby incorporated by (ice-water) 5 mL of boron trinuoride ctherate. WICO 
reference in their entirety& ice-water bath was remo\*ed and thy! mixksre was stir& 

Example 1 USES 1,7-dih ydroxy-2,4,6-trinitr(?-2,4.6- overnight at room temperature. During this period, thr: 
triazaheptane, having an estinlatcd detonation pressure mixture becarnc l~ornop~ms. 11 wan Ihcn p~urcd intc~ 
of 320 kbar, as the nittaminc monomer. To produce a 5 &water (IS mL), 20 nL of dichloromcthanc ~aa!~ 
polymer with a low glass transition temfierature, added, the mixture MS L %ed for :I few minutes, 1 tnL, 
2,2,j,3,j,4,5,4-octaflut~rohcxane- I$-dial is used as the . of 30% aqueous hydrogen prroxidc was ad&d, nrr;! 
comonclmer. Polymerization is carried out by the rek- stirring was continued f~‘: 3 hours. The organic layer 
tion of the nitraminediol, fluorodiol, and formaldehyde was separated and stirred for 3 hours with a x~ixturc of 
in the presence of an acid condensing agent (boron 10 10 ml, of 1% aqueous KOH and 1 mt of 307.. hydrc)gul 
trifluororide etherate) at ambient temperature. The peroxide. The pllases ‘Hlere separated and the ~panic: 
resulting polymer is a polyformal having fluorodiol and lavcr was washed with brine. hlost of the s&lent wu 
njtramincdiol units incorporated in the backbone. Be- &moved in t’acuo and the residual pol!r~cr utas trjtti- 
cause the hydroxymethy) groups of the nitraminediol rated with distilled arater for 34hours at 40’~30” C. 
are labile, it is desirable to remove the nitraminediol end 15 The water u’as poured off and trituration fresh distilled 
groups which we likely to bc present in tbc crude poly- u’ater was repeated. The polymer was issolvcd in 50 ml, 
mer. This is accomplished hy treating the crude poly- of tetrahydrofuran and the solution was added to 300 
mer Gfh hydrogen peroxide in the present of a base. mL of eater with vigorous stirring. The aqueous phase 
The resultiq polymrr, after further purification is a was discarded and the precipitated p~lymcr was dis- 
resin having a glass transition temperature of abaut 0” 20 solved in dichloromethant and stirrer! with about 5 tnL 
C. and a density of 1.62’ g/cmj. Based on analogy with of Silica Gel 60 (EM Science) for 8 hours. The silica gc1 
other polyformals described in Statutory Inlrention ~3s filtered off and washed with dichloromctharlc. Ihc: 
Registration N730, the polymer is expected to be di- solvent was removed from the combined soulutions 
functional hvdioxy-terminated with ends groups dcriv- invacuo, finallg at W-70’ C. to vicid 3.7g of polyxnei- 
ing from the fluoradiol monarncr only, as show1 in the 25 which was characterized by 01 lWI< spectroscopy to 
follou~itlg structural formul3: ascertain absence of suli~la~e~ dichloronlct llanc, ud 

Actually, the nitraminedio1 and fluorodjol monomer 
units arc more or less randomly disrributed witI~ the 
importan exception that csscntiaIly all of the tcrmjnal 
monomer units are fluoradiols mwnmers as shown. 

The estimated detonation pressure of the repeat unit of 
this polymer is 2 17 khar. 

To dcsnonstrate that the polymer is approsimatcly 
difunctional, hyd,oxy-ter~nirlatcd, and essentially free 
of nitraminediol-derived end groups, the polymer was 

mixed with a plasticizer and cured successfully with a 
mixture of di- and triisocyan;ltc to give a rubber)* gum- 
stock. The preparation of the gumstouk is described in 
esan1ple 2. 

The coyJolvf~r~nals of this invention prrtferably have 
a nunbet a&rage mokcuiar weight of from aborrt loo0 
to about MOO and mOre prcfcrabis from 2ooc) to 4000. 
The a~rage molecular weight may be adjusted by 
varying the stoichiometry (ratio of formsIdchyde to 
dials) and reaction candirkms (amount of BFJ ctberntc 
and solvtnt, temperature). 

The rreneral nature of tk invention having been set 
forth tt;c f0lloGng examples are present as a specific 
illusir:ltions thereof. It will bc undcrstmd that this in- 
vention is nor limited to these specific exampits, but is 
susceptil,le to \kOus mOdificatiOns that Gil be recog- 
rlized by one of ordinary skill ill the art. 

Esampic i 

-tetrahydrofuran solvents. 
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9. The di~vdrox~:-terminatcrd copolyformal of claim 1 
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